Abstract. We present results from ab initio calculations based on density functional theory for bismuth-based double perovskite Bi 2 MnTiO 6 . Using total energy calculation with stress and force minimization we have predicted the equilibrium crystal structure for Bi 2 MnTiO 6 considering potential structures into the calculation. We have predicted that the ground state of Bi 2 MnTiO 6 will be a noncentrosymmetric rhombohedral structure with space group R3c. Our spin polarized calculation for different possible collinear magnetic configurations we found that Bi 2 MnTiO 6 will be an insulator with G-type antiferromagnetic ordering in its ground state. The coexistence of both stereochemically active Bi6s lone pair and the Ti 4+ with d 0 -ness which bring covalency results in the stabilization of noncentrosymmetric structure and thus ferroelectricity. Our orbital projected density of states plot shows that the Mn 2+ in Bi 2 MnTiO 6 will be at high spin state with a spin moment of 4.28 μ B . Hence Bi 2 MnTiO 6 is predicted to be a magnetoelectric material.
INTRODUCTION
There has been growing interest in multiferroic materials due to the coupled magnetic, electric and/or structural order parameters which result in (anti)ferromagnetic, (anti)ferroelectric and/or ferroelastic properties in the same phase. Due to these combinations, the magnetic properties can be manipulated by applying either electric or magnetic field. 1 Bi based multiferroics have become a center of attraction due to high value of electric polarization 2, 3 and Bi 3+ is more environment friendly than Pb 2+ . In addition, the stereochemical activity of Bi 3+ is being exploited in magnetic oxides, with the goal of forming ferromagnetic-ferroelectric coupling. BiMnO 3 undergoes monoclinic to monoclinic transition at 474 K and monoclinic to orthorhombic transition at 770 K [4] [5] [6] . Montaneri et al 7 found that below 770 K BiMnO 3 has a centrosymmetric C2/c space group by neutron powder diffraction experiments. Since the C2/c structure of BiMnO 3 has inversion symmetry, the net electric polarization is zero. The mechanism of breaking the inversion symmetry with magnetism was considered recently in ref. 8 8 . It was found that the peculiar orbital ordering was realized below 474 K gives rise to ferromagnetic interactions between nearest-neighbor spins which compete with longerrange antiferromagnetic interaction. Solovyev and Pchelkina 9 predicted that C2/c symmetry in BiMnO 3 is spontaneously broken by hidden AFM interactions, which lowers the actual symmetry to the Cc space group which allows for the existence of both ferromagnetic order and ferroelectric polarization. The Ti doping in BiMnO 3 is expected to increase the magnetoelectric coupling in Bi 2 MnTiO 6 as the d 0 -ness of Ti 4+ will give rise to off center displacement to the system. However, there is no theoretical prediction has been done for this compound with Ti doping up to now. This motivated the present study.
COMPUTATIONAL DETAILS
The present calculations were performed using the Vienna ab-initio simulation package (VASP) 10, 11 within the projected augmented plane wave (PAW) 12 method together with the Perdew-Burke-Ernzerhof generalized gradient approximation (GGA) 13 for the exchange correlation potential. A very large basis set of 800 eV for the plane wave cut off was used in order to reproduce the structural parameters correctly 2 . Structural optimizations were continued until the forces on the atoms had converged to less than 1 meV/Å and the pressure on the cell had minimized within the constraint of constant volume. mesh was used for R3 structure and similar k-point density has been used for all the other potential structures considered here. In order to identify the correct magnetic ground state, we have considered non-magnetic (NM), ferromagnetic (FM) and three antiferromagnetic (AFM) configurations such as A, C, G-AF configurations. 14 The Born effective charges (BEC) are calculated for the ground state configuration using the so called ''Berry phase finite difference approach'' in which the electronic contribution to the change of polarization is estimated using modern theory of polarization 15 .
RESULTS AND DISCUSSIONS
For the study of structural phase stability, we have considered six closely related potential structure types: tetragonal Amm2, cubic Fm-3m, tetragonal P4mm, rhombohedral R3r, monoclinic C121, and monoclinic C2/c (Fig. 2) . The structures were fully relaxed for all volumes considered in the present study using force as well as stress minimization. From Fig. 2 it is clear that the noncentrosymmteric rhombohedral R3 (space group 146) structure is energetically lower among the structural configurations considered here. The calculated volume vs total energy curve was fitted to Murnaghan equation of states to get equilibrium volume, bulk modulus and its pressure derivative (0.000/0.507), Mn/Ti (1a) (0.233/0.729), O1 (3a) (0.568, 0.926, 0.388) and O2 (3a) (0.882, 0.454, 0.037). The equilibrium bulk modulus and its pressure derivative obtained from the fitting are 80.7 GPa and 6.34 respectively. It may be noted that the equilibrium structure obtained for Bi 2 MnTiO 6 is closely related to the R3c structure found experimentally and 
